Pest insects invade commercial greenhouses from the surrounding areas. We aimed to 41 clarify whether (1) the seasonal population dynamics of local pest insects affects their 42 greenhouse invasions and (2) Kyoto, Japan. C. vestalis followed the occurrence of DBM larvae on both mizuna and R. 49 indica; no C. vestalis were recorded in greenhouses free from DBM larvae. C. vestalis 50 females were more attracted to volatiles emitted from DBM-infested than from 51 uninfested mizuna. However, the presence of DBM in greenhouses could not always be 52 explained by its seasonal population dynamics in the surroundings. 53
Introduction 59
The rural "satoyama" forest and village landscape in Japan consists of areas of 60 6 thicket with a river, and DBM and C. vestalis were believed to inhabit these areas 107 (Supplemental Figure 1) . Mizuna plants were grown in these greenhouses, but since the 108 growth stages in the four greenhouses differed, we treated the data from each 109 greenhouse independently. 110
The occurrence of DBM larvae and C. vestalis cocoons on mizuna plants in 111 the greenhouses and their surrounding areas were observed. Observations were made 112 approximately every 7-14 days during the observation period. In greenhouses, when 113 plants had fewer than 10 leaves, 11 to 30 leaves, or more than 30 leaves, we assessed 114 100, 50, and 20 plants, respectively. We also counted the numbers of DBM larvae and C. 115 vestalis cocoons on a wild cruciferous species, Rorippa indica, which was growing in 116 the surrounding area, up to around 3 m away from the tested greenhouses. DBM larvae 117 found on R. indica plants and mizuna plants were reared in a climate-controlled room in 118 the laboratory (25 ± 2 °C, 50-60% RH, 16L:8D), to check the incidence of parasitism. 119
120

Laboratory experiments 121
Insects and plants 122
Plutella xylostella larvae were collected from fields in Ayabe, Kyoto, Japan (35°N, 123 135°E) in 2001, and were reared with potted komatsuna plants [Brassica rapa 124 var. perviridis (Brassicales: Brassicaceae)] in a climate-controlled room (25 ± 3°C, 60 ± 125 10% RH, 16L:8D). The laboratory colony of DBM was reared on potted komatsuna 126 plants in a climate-controlled room (25 ± 3 °C, 60 ± 10% RH, 16L:8D) to obtain eggs. 127
Newly emerged adults of DBM were maintained in acrylic cages (35 cm × 25 cm × 30 128 cm high) in a climate-controlled room (25 ± 3 °C, 60 ± 10% RH, 16L:8D) and provided 129 with a 50% (v/v) honey solution as food and potted komatsuna plants, to ensure mating.komatsuna plants in small cages (25 cm × 15 cm × 10 cm high). 132 C. vestalis were obtained from parasitized DBM larvae collected in the same 133 field. Adults of the parasitoid species were maintained separately in plastic cages (30 134 cm × 20 cm × 13 cm high) with a 50% (v/v) honey solution as food in a 135 climate-controlled room (18 ± 3 °C, 60 ± 10% RH, 16L:8D) for 3 days to ensure mating. 136
The second stadium DBM larvae that were newly parasitized by C. vestalis were put in 137 a polypropylene box (25 cm × 15 cm × 10 cm high) with detached komatsuna leaves for 138 food; the leaves were replaced by fresh ones every other day until the egression of C. 139 vestalis larvae from DBM larvae. After egression, C. vestalis formed cocoons in the 140 polypropylene box. Cocoons were collected and kept in closed end glass tubes until 141 emergence. To ensure mating, emerged females were kept together with males in a 142 plastic cage for 3 days. Thereafter, they were maintained in glass tubes at 18 °C to 143 prolong their lifespan, and in continuous darkness to suppress flight. They were a 144 maximum of 10 days old since emergence from the host and were acclimatized for 1-2 145 h in the climate room before the experiments were started. Seasonal variation in the occurrence of C. vestalis was also observed, with two peaks 182 that were synchronous with those of the DBM (Figure 1: surroundings) . 183
In the four greenhouses (Figure 1b In greenhouse 1 (Figure 1b) , the occurrence of DBM larvae had five peaks. 191
The dominant occurrence was at the second peak (June 21: 9451 plants; 0.51 192 DBM/plant) and was detected after the dominant peak for DBM had been recorded in 193 the surroundings. At each peak, the occurrence of C. vestalis was also detected. 194
In greenhouse 2 (Figure 1c ), the occurrence of DBM larvae had three peaks. 195
The dominant occurrence was again at the second peak (June 26: 12331 plants; 0.64four greenhouses when DBM occurred at a density of more than 0.05 DBM/plant. 225
Though the seasonal occurrences of DBM larvae and C. vestalis in the greenhouses 226 were similar to their seasonal population dynamics in the surrounding areas, some could 227 not be explained by their population dynamics. Thus, while the incidence of the 228 invasion was affected by the surroundings, some took place irrespective of their density 229 in the surrounding areas. Further, there were some differences in the occurrence patterns 230 of DBM even within the four adjacent greenhouses with a dice four arrangement. This 2002; Shiojiri et al. 2000 Shiojiri et al. , 2010 Yoneya et al. 2018 ) and field conditions (Uefune et al. 245 2012) . In the present study, we showed that mizuna plants started attracting C. vestalis 246 after being damaged by DBM larvae, and that the attractiveness was equal to that of 247 DBM-infested komatsuna plants (the same species as mizuna). Under experimental field12 conditions, Uefune et al. (2012) Number of plants 
